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ABSTRACT > . j- * ^ ^ 

" r lectroencephalograph ic studies* were dx)ne on 25f , ^ 

dyslexic .and 25 normal reading children (all betweeri the ages of 8 
and 13 years). Results in-ditfated that ^ of dyslexic Ss showing 
evid/ence of unresolved dotp.nance in. the EEG recordings^ 35 percent of 
cas^s wete possibly gen^'^t^cal ly ^jdeterminjed with a further 40 percent 
po&sibly neurologically impaired^ Inter-group ^ findings revealed 
differences in the amount of alpha activity in the two hemispheres 
with dyslexic Ss showing\more activit'y on thq dominant side, or no 
difference at allr whereas cantrols showed more activity on\t:h^ 
non-dominant side. Findings suggested the presence of lateral x 
dqmin-^an'^ce^ -'and cortical or gani zat ion in the control group on nornal^^^- 
readers and no cc^mparable resolution of dominance .in both*the ^.f^ 
genetically and neurqlog-ically determined cases of dyslexia. (DB) 
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A NEURO-PSYCHOLOGICAL INVESTIGATION INTO DYSLa|XiA 

Margaret Newton ^ 

tcr^yr^^ denotes a cognitive disorder manifested by difficulty in 
• coding language forms, especially in reading, desp.t^adequatc .ntelhgence, 
conventional instruction and socio-cultural opportunif|e«. 

Among the observable behavioural symptoms are persistent reversal „ 
and d^order ng of letters, syUables and word-order when speaking readmg 
orwr ting- mirror imaging of letters; inability to perce.ve. code and subse- 
aueTtly feta™ a con 'stent ^meaningful symbolic image; the consequent 
?nabi tv to retrieve and express a relevant meaningful output of hnguist.c 
^t iS- severe spelling disorder; non-resolution of hand andeye dommance; 
S^ d tlopment'of spoken language in early childhood; —e s mo^ 
clumsiness; sometimes hyper-activity; somenmes supenor ab.hty m spat.al 
skills in direct contrast to the disability m linguistic skills. 

it is cstiiualed that at least ten per cent of the school population in 
Britain hatTht linguistic coding ^isabihly ; if the -dition is o po y- 
eenctic origin and occurs on a continuum ranging from nimimal to gross 
SiJityu'isMikely that a much larger percentage of people will be affected 
to some degree. 

DylS wa's first recognised by James Hinshelwood. a blasgow ophthal- 
molSstwto published -..The Lancet in 1895 a paper on '^^"'^^^^ 
X/ StoS. From 1900-1917 he wrote extensively on the top c and 
' Ebed me^nditioaas being due to difficulties \" -'"P-;/"f/nf 
.land nE written symbolic texts and not due to specitic eye delects ^e postu- 
Sed that the condition was re-active to damage in the gyrus angular.s region 

'^'"^ni.°^™,iccs of opinion ha« arisen bewccn medical aulh^rifc and 
p,ychXS"aT.o .hfcausc, and ,he na>u,e of rJ=-~ 
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lion of a word as whole apid also in synthcsising the word itscjf from its 
component letter units. 

Some neurologists lioUl tlic view that the barrier in learning to read is the 
result of cerebral injurv.tl'ishc-r ilescrilu-s dyslexia Us bcmg analogous 

l<> an acquired stale u( '.ilexi.i (a l(>iuIi1i..ii sl-l-i. mi adults aflcr a Icsiuii or 
trauiiui involving one both ol the angular gyrii) and suggested fhat birth 
injury might predispose towards thj: condition. Kawi and Pa'samanick (1959) 
also subscribe to th? theory that sbmc of the reading disorders in childhood 
may follow perinatal minimal cerebral injufy. They postulate 'a continuum 
of reproductive casifiltv' extending all the way from death iivutero and in the 
neoftatal period to^minimal cerebral) damage component of this continuum. 
Rcitan (1964) stares that among the consequences oFbrair> lesidns are a loss 
in the ability to appreciate. Ifie signifitancc of language symbols dnd^eficits^ 
in the perception and manipulation of visuospatial configurations. Money 
(I9f.2) pointsioiu the diircrent functional cllects of traunialic as compared 
with developmental llyslexia. in particular the greater plasticity ol the 
immature brain and subsequent conipensali6n lor injury. The implication 
lurr would seem (o he eailv dianii.vsis oriiilaiilile Haiiiua to liKililalc necrv 
sary thcinju-utiL- ami leinedial iiK-asures, 

Duril'ig the lasi three decades educational p.sycijologists and sociologists 
ha^ been investigating the problem of school lea/ning failure in terms of 
psychogenic factors. Their standpoint is that educational dilliculties in the 
~ main 'derive from various combinations of exl/insic conditioQS. hi this 
country Burt (1937) and Schonell (1948) describe/ these precipitating factors 
together with diagnostic and remedial technique/. The problem of backward- 
ness was related to the larger aspect of individiWl dilTerenccs and a global view 
of personality development. Gates (1922) in America analysed tKe skills ahd 
perceptual abilities underlying the process of reading and developed tests of 
reading readiness. Malmquist (1958) has written a comprehensive account of 
investigations in Sweden into the factors involved in reading failure especially 
from the practical educational statidpoint. Vernon (1957) surveyed the whole 
field of reading difficulty., its nature and origin. Her list of the causal factors 
accepted by most educational psychologists include; 

. 

Inadequate readiness for reading. 
.Physical handicaps such as defective sigh^nd hearing. 

I Neurological defects.*" . ' /* 
Internal secretionary disorders and low vitality. 
General retardation of speech devt:lopi|lent and speech difficulties, 

special^speech defects. 
Limited vocabulary. , . , j i. , 

Restricted 'background of cxpcriencar owing to social and cultural 

handicaps. / ^ 

Personality factors, emotfonal diWcuhiCs and general adjustment 

dilTiculties. 

Social factors. 

Environment factors. i - u 

Irregular scKool attendance, frfquent change of school or teacher. 
Unfavourable home conditicyls* 
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Defective teaching methods and school organisation. 
Inadequate supplies of reading material of satisfying fhtcrcst value 
I and too large classes. 
A thi'rd and increasingly popular aspect of the dyslexia phcnomcncm lies 
in the arca-of cerebral dominance artd it is this theme that runs centrally and 
consistently through the present investigation. The term 'ccrebra dominance 
owes its origin to the discovery that loss of speech (aphasia) almost always 
results from a lesion of the left .hemisphere of the brain and especially the 
idea of Broca (1865) that both right-handedness and the lateralisation of 
speech are due.to an innate functional pre-eminence of the left hemisphere. 
Since then many investigators of language and handedness have postulated 
that cerebral dominance is less determinate in those who.are left-handed or 
ambidextrous. Goodglass and Quadfasel (1954) suggest that ccrebra ambi- 
laterality is the rule in sinistrals, that speech is represented bilaterally, and 
that some aphaj^a is in consec^ucnce liable to accompany lesions of either 
hemisphere. Ettlinger, Jacksori a>d Zangwill (1955) in a study of language 
failure allied'to brain Icsiortsxinrclude that although some degree of cerebral 
a'mbilaterality may exist in a certain proportion of cases, unilateral representa- 
tion of speech (usually left but occasionally right) is the most P^cvalen form 
«f cerebral organisation in sinistrals. Humphrey and ZangNvili (1952 state 
aat left-handcdness does not imply strict dominance on the contralateral 
hemisphere,' but shows all signs of less advanced speciaUsation. Humphrey 
(195afi^makes the point that cerebral dominance either does not occur at all m 
the so-called left-handed, or if it does occur, tends to be less well developed 
than in the general rurf of right-handed persons. Hp, also postulates tha 
cerebral representation of the language functions in such cases is bilateral at 
least to a greater degree than ir, most right-handed people. _ 

Why should the easy acquij^ion of language skills depend upon this 
type of neural association and integrity in the one hemisphere? Various hypo- 
theses have been put forward in attempts to explain this causal relationship 
• Reading necessitates the ability to code meaningfully an ordered sequence ot 
/ arbitrary symbols. Gerhardt (1959), writing of these interpretation difficulties 
in left-handed pilots, states: He (the pilot) would perceive a squate a house, 
a tree and the like with the same ease as others. Even though I have no 
difficulty in perceiving the forms in my environment, I may be contusccl or 
retarded when -1 get the task of seeing them in a Special order, direction or 
sequence Mirror imagrng and reversals are an ever-recurrmg feature of 
- dyslexia Orton (1937) and Wolfe (1941) comment on the diniculties 5howp 
bydyslexicsin 'repicturing or rebuilding in the order of presentation, sequences 
of letters of sound or of units of movement, a dilliculty of acquirfng series. 
In Orton's view, it is the tendency to reversal which disturbs the acquisition 
of series and arises, according to him, from a failure lo elide the mirror-image 
engrams in the non-doWiinai>t hemisphere. He describes the activity as 
•looking at random-. Oihx writers ascribe the difficulties in the consistent 
ordering of symbols as d,ue to the inability of the non-dominant hemisphere to 
suppress the mirror-image, making consistent pattern recognition impossible. 



I Research is al present being carried out in my department Into the implications of cortical 
laterality for differential palierning of skills. ^ , 
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^ Bannatync (1966) stresses the importance of the economy of neural 

• connections in oi^ dominant hemisphere in enabling meaningful sense to be 
made from written and spoken verbal material and the difficulties caused if 
• ' langtrage is subacrved^by both hemispheres. He quotes the visual/auditory 
*four-way muddle', of b/d and p/q recognition. 

In contrast tO the difficulties experienced in coding arbitrary sequential 
symbolic material, as in verbal auditory abilities, evidence is accumulating 
to suggest that ambilaterality predisposes to good visuospatial ability. Claims 
have been made that there is a significant disparity between the scores of the 
Verbal and Performance sub-groups of the Wechsler Intelligence Scale in the 
case of dyslexic subjects. Rabinovitch (1954) cited a large discrepancy 
(averaging 22. 1 points in favour of the performan^p tests) between verbal and 
performance intelligence quotients. Clinically the picture is pften one of 
predisposition to artfstic design and graphic ability in ihe arabilaieral poor 
Yeacler. Case histories reveal jtn^ssociation between a retarded developmental 
pattern of linguistic skills and subsequent success in civjl engineering, 
architeclure, dental surgery, draughtsmanship, tailoring, design and medicine. 
These histories also reveal genetic influences in the patterning of the various 
skills. ' ^ 

Extrinsic events also add to the laterality phenpmenon. In 1961 
Dr Marian Annett (1963) was studying the laterality implications of epileptic 
foci and her evidepce supports this differential pattern of functioning. She 
has made an assumption which she is hoping to investigate further: that. as 
spatial and orientation ability are a primary need of the organism for 
survival, a child damaged cortically will transfer spatial type association to the 
"dominant hemisphere, to the detriment of language development. 

Source of Hypothesis 

Intensive work and research in the field of language learning failure 
arpongst children of school age has been continuing in this country for over 
fifteen^ years. Treatment has emphasised therapeutic, remedial teaching 
methods aimed'at resolving epnotional and environmental causation pf the 
reading failure. The evidence discussed in the above introduction, however, 
involving the possibilities of a neurological basis for certain types of difficulty 
in interpreting and expressing written text, has been accumulating from both 
' educational and clinical sources. 

. In 1965 the following questionnaire wfs sent to several Birmingham 
primary schools. TeaVhers were asked to list the children %vho appeared to 
possess any of the symptoms. 

Characierisdc:' 

1. Clumsiness, e.g., difficulty in kicking, skipping, throwing, 
catching, climbing, etc. 

2. Defecliyp speech. 

^ 3. Lack of concentration. ' K 

4. Low tolerance of frustration at own achievements. 

5. Diffiailly with directional attack, i.e., reverses or confuses order 
pf letters, words, phrases in reading and writing. 

6. Seems 'odd' — dilTcrent from cither children. 

' 17 ' 




7. Poor retention in learning to read new work. 

8. Tendency to fall easily, accident proneness. 

9. laeft-handedness in writing or with tools. 

10. Signs of ambi-dexterity. •* 

1 1. Mirror writing. ^ 

12. Restlessness. hyp,eractivity. 

13. Discrepancy between apparent 'brightness' and school progress. 
Children presenting three or more' of these characteristics were assessed 

for intelligence level and.reading ability. The following points emerged: 

All came within the normal or above normal range of mtelligence and 
were seriously retarded in reading. ' 

The positive responses represented about ten per cent of the school s 
population; in many cases, unresolved dominance together with faulty 
directional aUack on letters and words were key features; in others, hyper- 
kinesis and in^-bility to sustain concentration were dominant. 

The teachWs. in the main, were unaware of the implications of neuro- 
■ logical involvertienf, this meant that unsuitable methods of teaching had been 
practised in maViy cases adding emotional factors to the primary difficulty. 

The results V 'his pilot studv supported the existing body of evidence 
and it seemed uAent that a scientific and well documented research pro- 
eramme should bit mounted to establish the exisitence of this intractable - 
type of learning ^fhculty so that awareness of the condition could be 
propagated and effective remedial treatment devised. The problem was to 
measure in some waV and compare the activity of the two cerebjal hemis- 

'"'^"Electroencephaloiraphy is ihc only method at present available by which 
measurement from thc\ntact skull can he made of the activity of the brain 
(Walter 1953- Harding \968 a and b). Consequently the hypothesis for the 
research became 'There i\ a difference in cortical lateral organisation between 
successful readers and children with the form of severe disability described as 
dyslexia, and that this diltcrence can be manifested by using the techniques 
of electroe5cephalography\ 

The research wascarrieU out by ihewriter in 1966 in the Neuropsychology 
Unit attached to the Applied Psychology Department of Aston University, 
the EEC measurement.beinAin collaboration with Dr Graham Harding.^ 

\ ' N 

Material . \ . . , ♦ .1 

Fifty children between thle ages of eight and thirteen took part m the 



Study. Twenly-fwc of these for 
•cases*, and twenty-fwc were 
composed of children referred to 
Centre of Birmingham Universit 
the aforementioned symptoms. 



ed the experimental group, referred to as the 
controls. The .experimental group was 
hild Guidance Clinics and the Child StjJdy 
ty Yor severe reading diflkulties and presented 
ino iiuMcni^i.t.ui..^ ....p.^..... T^le children were all within the normal 
intelligence range as measured by th\ Wechsler Intelligence Scale for Ch'ldrcn 
and had normal school opportuniti^ for acquiring experiences and skill in 
learning to read. They had also rec^ved from six to twenty-four (average 
fifteen) months' remedial tuition. TKi^ specialised teaching had been given 

a Head of the Neuropsychology Unit in the Applied Psychology Depanmcnt, Asion 
.Universiiy. 
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by trained expcrichctd teachers who.had also attended post-graduate courses 
in remedial education. The average retardation oC the group at ihe t.mcoif 
research testing was 4.1 years. The families' .soc.o-cconon..c status var.^^^^^^ 
from professional ICvcl to unskilled manual -workers. Details of prcnatah 
history, birth trauma and genetic familial factors of tht children were 

recorded. » . • i i w*^-i^ 

This group was matched for intelligence, socio-economic level. iclTOol 
opportunities and age with a control -group of normal readers drawn from a 
representative school in the suburbs of Birmingham. Although matched en 
these four variables.thc discrepancy in reading ability was between a mean of 
10.3 years (controls and a mean of 6.4 years (cascs).(The school was selected 
after advice from the Senior Educational Psychologist.^ Child Study Centre. 
University of Birmingham.) 

Recording Procedare . , , . . «. 

The EEG recordings were made either in the school (cortt_rols) or in Ihc 
Child Guidance Clinics (cases). The procedure was standardised for both 
groups. All readings were bi-polar. using silver stock-on electrodes placed 
according to the 10-20 international system. An El^er eight-ehanncl portable 
electroencephalograph machine was used. A full routine record was taken for 
visual interpretation and in addition, tape recordings were made from righ 
and->ft tcmporo-parieto-occipital derivations on a frequency modulated 
tape recorder. The tapes were subsequently replayed through the standard 
eight-channel OfTner machine. / ,■, . . r 

Analysis was carried out on the tV recorder derivations, using a four- 
channel low frequency BNl wave analyser. The lilter trays in use for this 
study covered the /requencies 8. 9. 10. 1 1. 12 and 1.^ c sec. The analyser was 
modified to provide a digital output of the abundance of each alpha frequency, 
which was automatically encoded and punched on to paper.lape for proces- 
sing by an Elliot 803 computer. The statistical analyses carried out by the 
computer on the frequency analyses were as follows: , , ,„ 

1 Harmonic Mean, a statistical procedure which is -used to calculate 
the mean 6f data which are in rates, in this case cycles per second 
2. Mean Abumiunev, the arithmetic mean of the abundances of all 

frequenci^cs. • , . r.u "i j 

V 3- Kendall's Concordance, a measure of the variability of the ranked 

' analyser abundances from epoch to epoch. The score vanes 
between zero and one. a score of one indicating no variability. 

Results ... r 

Visual interpretation showed that of those showing evidence of unre- 
solved dominance in the ECG recordings. 35 per cent were in the genetically 
delfermined group. A further 4(iper cent of this unresolved dominance group 
were in the possible neurological-impairment determined group, and 20 per 
cent of this latter gr^up were in both genetic and neurological causation 
categories. These results support the writin gs of Cri tchlcy (1964) and also of 

3 Chnrlcs PhilliDs Director, Chi W Study "c'cTiircTschool -of Education. Univcrsiiy of 
Sngham to whmn wciirc grca.ly indebted for his advice and co-opcrafon ,n the 
plajining of the research. 
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.and neurological symptoms. ; MifTorences in the amounf of 

nerve sensitivity is greater than those o^^e non aotpma 
alpha rhythm is less', that is. -^loTStatil or'^^^^^^^^ 
could have implications, thereforr. the acquisition of 

in the areas of the corte;i most commonly associatea wun mc m 



Concordi-incc) but with a ngni i>iutu f indicat ng no 

appeared firstly a smaller asymmetr/ of »'Pjf^^^","^JS;,7 „ cortical 
defined cortical dominance, and secondly ^ J^^^J^^^^^^^ however, the 

organisation (KendalJ> Concordance). In '^c control group 

• critical prerequisites for the acquisition organisation 
Tt,n «ftJinp«: sucaest a latera dominance and cortical organibauv... 
.The ntiAflgs suggest a lui „.,aer<; There is no comparable 

present in the control group of normal ^'^'^'l^/^- .^^^^^^ both 

resolution of dominance in the cases group of dyslex.cs. a tcature 
genetically and neurologically determi ned cases. 

^""'S^high percentage of left-handed or ambidextrous subjects in ;he 
presc^'^stut o'f -adinl failure supports the al-adyast accumul^^^^^^^^^^^^ 
clinical evidence supporting this P^'^^^^^'^'^ZV^s ouz^^^^^^^ 
TVTyf - 'J^' 'ivelofment of 

Sr^lnlS^gS P'-on>cna which are^n^^^^^^^ 

or dependence. ^^V;*;^^ P/,t"^^^^^ . 
lhatsomccommonfactortavounnginciLiiuc.il F i auiiuy often f 
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theses and opinions? Graham Harding writes elsewhere. The EEC is a 
reflection of bio-physical and chemical disturbances in neurones. Ihe 
d ctrica? changes arc concomitants of these act.ons and have the advantage 
S S.lf modern electronic techniques, they a.e more easily Recordable 
from the intact subject rhan the prrmary activrties. A ^'"f ^ ^P°;;^"7^^ 
activity of the brain assume? that changes of frequency and amplitude . arc 
m Ln ngful reflections of- internal events.' The equivalence of electrical 
a'tivity'in the temporo-occipitaL areas /rom both h--PhcrcsjccKd.^^^^^^^ 
,he experimental group of children (the non-readers) vrs-a-v,s he d.lTe cnc s 
in aclivfiy of the same areas m the control group (good readers), wuh tl c 
more excitatory activity predominant in the left hemisphere, does appear to 
. uggesttculof^glcal confinruition of the necessity for resolution of cortica 
hemispheric domioaocc to facilitate the acquisition of language ^l^'^;^'^ ^ 
resolution of dominance a specific developmental condilton of cortica 
association areas making possible an ordered, sequential arburary coding o 
symbolic material? Is \L possible ako that thS so-called secondary dy^l^ia ^ 
the specific type of stress manifestation under environmental pressures, 
because of this type of predisposition? • ■ , < „,„i their 

Bearing in mind the particular association areas '"^""^^f . ""^ 
critical role in the nature of the tas.k under discussion, wc can end by quoting 
o e more from the paper by Gerha.d (1959). 'If we could .solate d.^ere 
functions ia our laterality research, we could reach a conclusion -^bout his 
problem. For instance, one could claim that difTerent cort>ca areas -gh^^^^^ 
well have a laWVality fixed independently '^e other ones _A a cons q..^ 
• ... . n i«t..roi;tv»-.nin.rn variations inAvhich wuulu De one oi 



we might come to see a Interality pattern, variations m^vh.ch ^^^"''^J'; 
The reasons for individual differences in bchaVfSiiri.t.c and nerccptory 
tcndences It yould also be pertinent to the problem of individual differences 
in learning ccrlain activiiics.' . • 
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